Influenza has an important public health impact worldwide with its considerable annual morbidity among persons with or without risk factors and its serious complications among persons in high-risk groups. Seasonal influenza vaccine is essential for preventing the burden of influenza (incidence, hospitalisation, mortality and economic impact) in the population ([@ref1],[@ref2],[@ref3],[@ref4]). Since the vaccine is reformulated each season according to the virus serotypes in circulation, its effectiveness can vary from season to season. Vaccine effectiveness is defined as the relative risk reduction in vaccinated individuals in observational studies. In addition, other factors such as age and co-morbidities can influence influenza vaccine effectiveness (IVE). Thus, the seasonal IVE should be monitored annually ([@ref1],[@ref5],[@ref6],[@ref7]).

In Turkey, national sentinel influenza surveillance has been carried out since 2005. A total of 180 family physicians in 17 provinces of Turkey participate in this surveillance. Participating physicians collect respiratory specimens from a patient with influenza-like illness (unexplained fever \>38 °C and cough and/or sore throat) and send them weekly to 1 of the 3 Turkish national influenza reference laboratories. The specimens are tested for influenza and other pathogens. The choice of patients from which to collect specimens is at the discretion of the treating physician. In Turkey, the weekly influenza incidence in the influenza season is generally over 100 per 100.000 people according to the surveillance system ([@ref8]). Trivalent seasonal influenza vaccines are recommended for routine use and reimbursed for the following people: healthcare workers, ≥65 years of age, living in nursing homes, have underlying co-morbidities (e.g. chronic pulmonary diseases including asthma, chronic cardiac diseases, any chronic metabolic diseases, chronic renal dysfunction, hemoglobinopathies, immunodeficiency, or receiving immunosuppressive treatment), 6 months to 18 years of age and on long-term acetylsalicylic acid treatment. Influenza vaccines are also available at cost to others who do not meet these criteria ([@ref8]).

Monitoring IVE in a population can help determine community vaccination policies. However, IVE in Turkey has never been determined before. To measure IVE, observational studies are used, including the test-negative case-control study design, where laboratory-confirmed cases of influenza are compared to test-negative controls. This study type is used to estimate IVE in many countries, but has not been previously used in Turkey ([@ref9],[@ref10],[@ref11],[@ref12],[@ref13],[@ref14],[@ref15],[@ref16]). In the 2014-2015 influenza season, we used this design for the first time in Turkey, and we aimed to estimate IVE in preventing laboratory-confirmed influenza with data collected from the national sentinel surveillance system. Such a study conducted with surveillance data can also provide information that can serve to improve influenza surveillance.

MATERIALS AND METHODS {#s2}
=====================

Study period and population {#s2a}
---------------------------

Influenza surveillance data was used to estimate IVE in this study. The study population consisted of medically attended individuals with influenza-like illness whose respiratory specimens were sent for testing in the 2014-2015 influenza season. Influenza season was defined as the period that started the week in which the first laboratory-confirmed influenza was detected and ended the week of the last detection between 1 August 2014 and 31 July 2015. No population sampling strategy was used.

We used a test-negative case-control design in which vaccination status was compared between cases and controls among individuals who were tested for influenza. Specimens were tested for influenza using real-time reverse transcription polymerase chain reaction (PCR). Cases were defined as individuals whose specimens tested positive for influenza and controls were defined as individuals whose specimens tested negative for influenza. If 2 or more specimens of the same individual were collected within 14 days, the first test-positive sample was taken into account. If all specimens of the same individual collected within 14 days tested negative for influenza, then the first sample was taken into account for analysis. The following individuals were excluded from analysis: age younger than 6 months (not eligible for vaccination), test results or influenza type unknown, controls with missing symptom onset date, or symptom onset date that was more than 7 days before the date of specimen collection.

To allow time for vaccine-induced immune response, individuals who received the influenza vaccine at least 14 days before the onset of their influenza-like symptoms were considered vaccinated. In addition, individuals were considered vaccinated if they reported having received the influenza vaccine, but the date of vaccination was missing (i.e. assumed receipt of vaccine at least 14 days before onset of symptoms). All others were considered unvaccinated.

Data collection {#s2b}
---------------

Influenza test results were obtained from all 3 reference laboratories. Data on gender, age, risk group, date of onset of symptoms, date of specimen collection, specimen type (nasal, nasopharyngeal, throat, nasal plus throat, nasopharyngeal plus throat and nasal plus nasopharyngeal) and influenza vaccination status for the 2014-2015 season with vaccination dates were collected from the forms that physicians filled out. Risk groups for severe influenza were people of age 65 or older, people with underlying clinical conditions (including heart, pulmonary, renal, metabolic and haemotologic diseases, cancer and immunocompromising conditions), pregnant women and patients whose body mass index was \>30.

Statistical methods {#s2c}
-------------------

IVE was calculated for influenza A or B and separately for influenza A serotypes H1N1, H3N2 and influenza B. To estimate vaccine effectiveness the following formula was used: (1-OR) x 100. The OR in this formula is calculated by dividing the vaccination rate in the case group by the vaccination rate in the control group. It refers to the risk of illness in the vaccinated group compared to the unvaccinated group. The formula gives the percentage of risk reduction in the vaccinated group relative to the unvaccinated group. This percentage is the vaccine effectiveness ([@ref17]).

IVE adjusted for gender, age groups (6 months to \<18 years, 18-64 years, and ≥65 years), risk group (yes/no) and risk period (October 2014-January 2015 vs February 2015-June 2015) was calculated using logistic regression analysis. The dependent variable was vaccination status (0: unvaccinated, 1: vaccinated) and the reference categories for the independent variables were gender: female; age groups: 6 months to \<18 years; risk group: no; and risk period: October 2014-January 2015. Logistic regression was performed using the enter method for the inclusion of the independent variables in the models.

The chi-square test was used for comparisons between cases and controls. Confidence intervals around the IVE estimates were also calculated. Sensitivity analysis was performed to understand the effect of the exclusion criteria on the results. For this, the adjusted IVEs were calculated against each type of influenza virus using only 2 exclusion criteria: unknown vaccination status and unknown influenza test/type result. Statistical analyses were performed using Statistical 25 Package for Social Sciences (SPSS) version 15.0 (SPSS Inc., Chicago, IL, USA).

Ethical approval and informed consent {#s2d}
-------------------------------------

Ethical approval for the study was provided by Dokuz Eylül University Committee (2015/01-19) and permission for data collection was granted by the Public Health Institute of Turkey. Informed consent was not taken from the individuals.

RESULTS {#s3}
=======

During the study period (between 13 October 2014 and 7 June 2015), eligible specimens from 3853 individuals were tested for influenza. Of these, 598 were confirmed as influenza by RT-PCR. Cases by influenza type and week of onset of symptoms are shown in [Figure 1](#f1){ref-type="fig"}. After applying the exclusion criteria, 583 samples tested positive and were eligible for analysis out of 2561 individuals. Hence, there were 583 cases and 1978 controls (those tested negative for influenza). Unknown vaccination status was the major reason (60.0%) for exclusion from analysis (an individual could meet multiple exclusion criteria) ([Figure 2](#f2){ref-type="fig"}).

Of all specimens collected from cases and controls (n=2561), the most frequent specimen type was throat specimens at 42.1% (n=1079). While nasal specimens were collected from 35.7% (n=914) of the study population, both nasal and throat specimens were collected from 18.0% (n=461). All other specimen types (nasopharyngeal specimen, nasopharyngeal plus throat specimen and nasal plus nasopharyngeal specimen) were collected from 4.2% (n=107) of the study population.

Any influenza positivity rate was 22.7% (583/2561). Among positive influenza test results, influenza B (58.8%) was the most frequent type identified, followed by influenza A (H1N1) (29.7%) and A (H3N2) (11.5%).

The vaccination rate was 4.2% (95% CI: 3.5 to 5.0) in the study population. Among all the specimens included in the analysis, the laboratory-confirmed influenza rate was higher in the period from February 2015 to June 2015 (35.2%) than that in the period from October 2014 to January 2015 (6.5%) (p\<0.001). When comparing controls with influenza cases, a higher proportion of controls were vaccinated (4.7%) than cases (2.6%) (p=0.025). Characteristics of influenza cases (by influenza type) and controls are shown in [Table 1](#t1){ref-type="table"}.

Crude IVE against influenza A or B was 46.5% (95% CI: 6.9 to 69.2) and adjusted IVE against influenza A or B was 50.6% (95% CI: 11.5 to 72.4). Adjusted IVE against influenza A (H1N1), A (H3N2) and B was 68.4% (95% CI: -2.9 to 90.3), 75.0% (95% CI: -86.1 to 96.7) and 44.6% (95% CI: -27.9 to 66.6), respectively ([Table 2](#t2){ref-type="table"}).

Sensitivity analysis {#s3a}
--------------------

Using only 2 exclusion criteria (unknown vaccination and unknown influenza status/type), the adjusted IVE estimates against influenza A or B, A (H1N1), A (H3N2) and B were 52.0% (95% CI: -15.7 to 72.6), 61.0% (95% CI: -9.4 to 86.1), 77.2% (95% CI: -69.8 to 96.9), and 41.0% (95% CI: -14.8 to 69.6), respectively.

DISCUSSION {#s4}
==========

This is the first study in Turkey where the IVE in preventing laboratory-confirmed influenza was estimated. In this study conducted using the national sentinel surveillance data during the 2014-2015 influenza season in Turkey, IVE in preventing laboratory-confirmed influenza A or B was moderate (50.6%, 95% CI: 11.5 to 72.4). The results also suggest a relatively higher 2014-2015 IVE against influenza A (H3N2) and a moderate 2014-2015 IVE against influenza B and A (H1N1) in preventing laboratory-confirmed influenza. Despite the fairly large sample size of the study, the IVE estimates for the 3 types of influenza viruses were not precise due to the low number of vaccinated individuals especially in influenza cases.

The prcentage of influenza types among all of the positive results was 58.8%, 29.7%, and 11.5% for influenza B, influenza A (H1N1) and A (H3N2), respectively. These data are similar to those reported by the national influenza surveillance system conducted by the Turkish Ministry of Health ([@ref8]). In a multicentre study involving 8 European countries (I-MOVE multicentre case-control study), the most frequent influenza type among the 5509 influenza cases reported during the 2014-2015 influenza season was influenza A (H3N2) followed by influenza B and influenza A (H1N1) ([@ref17]). The I-MOVE ranking was not similar to this study and the Turkish influenza surveillance report ([@ref8],[@ref17]). The I-MOVE multicentre case-control study suggested a low 2014-2015 IVE against influenza A (H3N2) (14.4%, 95% CI: -6.3 to 31.0) and a moderate IVE against influenza A (H1N1) (54.2%, 95% CI: 31.2 to 69.9) and B (IVE: 48.0%, 95% CI: 28.9 to 61.9) with more precise estimates than those in our study. The vaccination coverage in the I-MOVE multicentre study was approximately 12%, which was almost three-fold higher than the vaccination coverage in this study ([@ref18]). According to the end of 2014-2015 influenza season results in the United Kingdom, the IVE for the prevention of laboratory-confirmed influenza B in primary care settings was similar (IVE: 46.3%, 95% CI: 13.9 to 66.5) to our estimate, but the IVE estimation against influenza A (H3N2) was 29.3% (95% CI: -29.9 to 67.5), which was numerically lower than our estimate ([@ref19]). In those studies that estimated a low IVE against influenza A (H3N2) in the 2014-2015 season, drifted influenza A (H3N2) viruses were documented ([@ref18],[@ref19]). It is possible that drifted influenza viruses might have circulated in the Turkish population during the study period, and we cannot exclude the possibility of a mismatch between the influenza subtypes included in that season's vaccine and the circulating subtypes.

The influenza vaccination coverage was estimated to be very low (4.2%) in our study. Two influenza vaccination coverage studies conducted in 2006 in Turkey estimated that annual influenza vaccination coverage was less than 15% in the risk groups and 7.4% among the entire study population. However, neither of these studies were population-based, nor representative of the country as a whole ([@ref20],[@ref21]). Therefore, lower vaccination coverage in our study was not surprising, and it suggests that influenza vaccination coverage in Turkey has not been increasing since 2006.

The estimated number of people in a risk group for influenza in Turkey is between 27 and 33 million ([@ref22]). This group constitutes approximately more than 40% of the entire Turkish population. In our IVE analysis, the proportion of individuals in a risk group was approximately 10%. People who are in a risk group because of a chronic condition present directly to the physician managing their long-term condition, rather than going to their family practitioner and will not have specimens submitted via the sentinel surveillance system. If we assume that more people in the risk group had been vaccinated, influenza viruses in circulation in the Turkish population could be decreased and influenza vaccination impact could be higher in Turkey ([@ref23],[@ref24],[@ref25]). In 2 face-to-face surveys conducted in the Istanbul province in Turkey, the first leading factor adversely influencing vaccination among people who said 'I never get vaccinated' was disbelief that influenza vaccines are effective ([@ref20]). Therefore, it is important to document annual IVE in Turkey to better inform the public and influenza vaccination policy makers.

The following are the few limitations of the IVE assessment in this study. In total, 66.4% of eligible specimens could be included in the IVE analysis. However, vaccination rate was not different between the excluded and included groups. The proportion of individuals with unknown vaccination status was 23.1% of total eligible specimens, making it difficult to estimate the potential impact of the unknowns on the IVE.

The test-negative design is less susceptible to bias from misclassification of outcomes (influenza) and is less susceptible to confounding based on health care seeking behaviour. However, as with any other observational study, it is still susceptible to other types of bias and confounding.

Although we adjusted the IVE estimates for gender, age group, risk group and period, there may be residual confounding since the period variable has only 2 categories instead of 4 categories. Since there were no available influenza vaccination records, information on vaccination status was obtained from the form recorded by physicians when specimens of patients were collected. These forms had been filled out based on the patients' declaration, and therefore the measurement of vaccination status may have been subject to recall bias. In addition, we assumed that vaccinated individuals with missing vaccination dates had received the vaccine at least 14 days before the onset of symptoms; it is unlikely that this led to misclassification, as such individuals would be more likely to remember the date if they were vaccinated within the past 2 weeks. Additionally, as samples were sent at the discretion of the sentinel physician without a defined sampling strategy, it is possible that physicians were more (or less) likely to swab patients known not to have been vaccinated, i.e. testing is applied differentially and varies with the likelihood of immunisation or exposure.

The IVE estimates had low precision due to the small sample size and the small number of vaccinated individuals \[especially in influenza A (H3N2) cases\]. The IVE estimates for influenza A (H1N1), A (H3N2), and B did not reach statistical significance; however, the IVE against influenza A or B overall was statistically significant. Subgroup analysis for age-specific IVE (i.e. for children and those \>65 years) is an important consideration, but that stratification by age would have further decreased the statistical power and precision of the estimates, given that the predominant contribution was from adults 18 to \<65 years. Results of the sensitivity analysis assessing the impact of exclusion criteria on IVE showed that the recalculated adjusted IVE estimates were similar to the adjusted IVE estimates in the original analysis. This indicates that exclusions based on other criteria (unknown date of onset of symptoms and specimens collected more than 7 days after onset of symptoms) did not impact IVE.

In summary, we calculated the IVE in preventing laboratory-confirmed influenza in the Turkish population for the first time using national sentinel surveillance data in 2014-2015 season. The overall IVEs against influenza A or B were moderate. The IVE against influenza A (H1N1) and B was also moderate with low precision, but the IVE point estimate against influenza A (H3N2) was higher than those in other European studies. The study population had a low vaccination rate, showing that influenza vaccination coverage in Turkey needs improvement to control influenza morbidity and mortality. The coverage estimate should be confirmed in the risk groups in particular by further studies specifically designed to estimate vaccination coverage. In addition, further studies evaluating IVE for the prevention of influenza hospitalisations and deaths in Turkey are necessary. Annual IVE in Turkey should continue to be monitored as part of the national sentinel influenza surveillance and the surveillance should be strengthened to estimate IVE with more precision. National surveillance systems are important in monitoring influenza circulation and IVE estimation and supporting international efforts to prevent influenza across borders.
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